In the present study, the process of ultrasonic assisted enzymatic extraction (UAEE), followed by macroporous resin purification, was successfully developed to achieve maximal recovery of flavonoids and ginkgolides from Ginkgo biloba fallen leaves (GBFL). Three effective extracted factors, including UAE power, EtOH%, and the amount of cellulase were screened by Plackett-Burman design (PBD). The important variables were further optimized by rotatable central composite design (RCCD). After the combination of PBD and RCCD, the resulting optimal UAEE conditions were as follows: UAE power of 218 W; EtOH% of 68%; the amount of cellulase of 8.4 mg; UAE temperature of 40 • C; UAE time of 20 min; pH of 5.0; and, sample particle size of 40 mesh. Under the optimum conditions; the yields of flavonoids were 0.74 ± 0.05% (n = 3) and ginkgolides was 0.42 ± 0.06% (n = 3), which were close to the predicted values. Moreover, the further enriching flavonoids and ginkgolides from the obtained GBFL extracts using the above optimum UAEE condition was successfully achieved by macroporous resin DA-201. After column adsorption and desorption on DA-201; the percentage of total flavonoids was (25.36 ± 1.03)%; ginkgolides was (12.43 ± 0.85)% and alkylphenols was (0.003 ± 0.0005)% from the obtained dry extracts of GBFL which were complied with Chinese pharmacopoeias. Therefore, the present study provided a convenient and efficient method for extraction and purification of flavonoids and ginkgolides from waste GBFL.
Introduction
Ginkgo biloba L. (G. biloba), the only remaining member of the Ginkgoaceae family, was widely distributed in extratropical, warm and subtropical zones, especially in eastern China. G. biloba has existed on the earth for 200 million years, but its true value has induced a range of attentions all around the world until the recent five decades. The extract from G. biloba leaves (EGb) was among the most commonly used herbal medicines and/or dietary supplements. There was an increasing evidence In negative ion modes, flavone aglycones mainly gain fragment ions by the reverse Diels-Alder (RDA) reaction and the loss of CO (28 Da). The characteristic fragmentation behavior of compound 3 is listed in Table 1 Table 1 . Ginkgo terpene lactones exhibited similar fragmentation pathways, with bilobalide differing slightly from the other ginkgolides. Terpene lactones possessed unique chemical structures and were highly oxidised terpenes with many carbonyl and hydroxyl functional groups. Generally (although differences occur across the ginkgolides), loss of single and multiple H 2 O, CO, CO 2 molecules from [M−H] − was observed, as described by other authors [17, 18] . Using the optimal UPLC-DAD-Q/TOF-MS, compounds 21 (bilobalide), 22 (ginkgolide A), 23 (ginkgolide B), and 24 (ginkgolide C) were unambiguously characterized by comparing with the standards.
For quantitative detection, an extract ion chromatogram (EIC) of the full scan MS experiment was validated and employed to assess the quantity of the identified 20 flavonoids (compounds 1-20) and 4 ginkgolides (compounds 21-24) in different matrices of GBFL. The total contents of flavonoids (TF) and ginkgolides (TG) were the sum of identifying 20 flavonoids (compounds 1-20) and 4 ginkgolides (compounds 21-24), respectively. Additionally, the toxic alkylphenols, including ginkgoneolic acid (25) and ginkgolic acid (26) in different matrices of GBFL, were also identified and investigated by UPLC-DAD-Q/TOF-MS, as described by the previous report [19] .
Screening of Significant Factors Using PBD
A simple and useful PBD was selected as a method of screening design by a relatively few experiments in this study. Based on the preliminary tests and previous reports on the UAEE, seven variables, including UAE power (A), EtOH% (B), the amount of cellulase (C), UAE time (D), UAE temperature (E), pH (F), and GBFL particle size (G) were determined and are listed in Table 2 . The experiment design matrix with Y 1 (the yield of TF) and Y 2 (the yield of TG) as responses were also listed in Table 2 , and the result and analysis of variance (ANOVA) were presented in Table 3 . In general, variables of a large coefficient with a small p-value (<0.05) were considered as a significant influence. The results indicated that UAE power (A), EtOH% (B) and the amount of cellulase (C) were considered as significant for two responses (Y 1 and Y 2 ). From the previous reports, pareto chart could present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y 1 ). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y 2 ). The R 2 and Adj-R 2 values of two responses (Y 1 and Y 2 ) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y 1 and Y 2 was generated by the Design-Expert 8.5 software, according to the following equation:
considered as significant for two responses (Y1 and Y2). From the previous reports, pareto chart could present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2). The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8.5 software, according to the following equation:
Υ 1 = 0.014 + 0.0005A + 0.004B -0.01C + 0.0002D + 0.0002E -0.008F + 0.0002G
(1)
Where Υ 1, Υ2, A, B, C, D, E, F, and G represented the yield of TF, the yield of TG, the values of UAE power, EtOH%, the amount of cellulase, UAE time, UAE temperature, pH, and GBFL particle size, respectively.
general, variables of a large coefficient with a small p-value (<0.05) were considered as a significant influence. The results indicated that UAE power (A), EtOH% (B) and the amount of cellulase (C) were considered as significant for two responses (Y1 and Y2). From the previous reports, pareto chart could present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1).
The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2).
The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8.5 software, according to the following equation: Υ 1 = 0.014 + 0.0005A + 0.004B -0.01C + 0.0002D + 0.0002E -0.008F + 0.0002G
(1) Υ 2 = -0.102 + 0.0003A + 0.003B + 0.005C + 0.0004D + 0.00003E -0.004F + 0.0002G
where listed in Table 2 , and the result and analysis of variance (ANOVA) were presented in Table 3 . In general, variables of a large coefficient with a small p-value (<0.05) were considered as a significant influence. The results indicated that UAE power (A), EtOH% (B) and the amount of cellulase (C) were considered as significant for two responses (Y1 and Y2). From the previous reports, pareto chart could present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1).
The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8. Where Υ 1, Υ2, A, B, C, D, E, F, and G represented the yield of TF, the yield of TG, the values of UAE power, EtOH%, the amount of cellulase, UAE time, UAE temperature, pH, and GBFL particle size, respectively. 1 , listed in Table 2 , and the result and analysis of variance (ANOVA) were presented in Table 3 . In general, variables of a large coefficient with a small p-value (<0.05) were considered as a significant influence. The results indicated that UAE power (A), EtOH% (B) and the amount of cellulase (C) were considered as significant for two responses (Y1 and Y2). From the previous reports, pareto chart could present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1).
The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8. Where Υ 1, Υ2, A, B, C, D, E, F, and G represented the yield of TF, the yield of TG, the values of UAE power, EtOH%, the amount of cellulase, UAE time, UAE temperature, pH, and GBFL particle size, respectively.
2 , A, B, C, D, E, F, and G represented the yield of TF, the yield of TG, the values of UAE power, EtOH%, the amount of cellulase, UAE time, UAE temperature, pH, and GBFL particle size, respectively. Table 2 . Real values of the variables in the Plackett-Burman design and experimental data of the yields of total flavonoids and ginkgolides from Ginkgo biloba fallen leaves (n = 3). From the final results of PBD, UAE power (A), EtOH% (B), and the amount of cellulase (C) were comprehensively considered as three important factors for further RCCD experiments of maximum the yields of TF (Y 1 ) and TG (Y 2 ), whereas the remaining four parameters, including UAE time, UAE temperature, pH, and GBFL particle size were regarded as non-significant variables. In the present study, the effects of four non-significant factors were also investigated in the preliminary experiments. The results indicated that a relatively long UAE time might help to increase the contact chance between GBFL and extraction solvent, and raw materials with small particle size contributed to enlarge contact area between powders and extraction solvent. Therefore, longer UAE time and smaller particle size might contribute to enhance the yields of TF and TG. Additionally, the appropriate rise of extraction temperature was advantageous to the molecular motion, the penetration of solvent and dissolution of target compounds. In this study, cellulases were added in the solution of UAE to break the cell wall for promoting the release of intracellular target compounds. From the previous reports, cellulases, a kind of important hydrolase, were influenced by many factors such as temperature and pH. Hence, the appropriate value of pH and temperature can promote to maintain the cellulases activity. For saving cost and improving efficiency, comprehensive consideration, the conditions were selected as following: UAE temperature of 40 • C, UAE time of 20 min, pH of 5.0, and sample particle size of 40 mesh. The significant factors that were chosen from UAE power (A), EtOH% (B) and the amount of cellulase (C) were considered for further optimization using RCCD. The levels chosen for the factors were set based on the previous PBD analysis. The RCCD with α = 1.68 has been carried out on 20 experimental runs (2 3 + (2 × 3) + 6), including eight (2 3 ) vertex points, six (2 × 3) axis points, and six 
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Parameter Optimization by RCCD
Statistical Analysis and Model Building
The significant factors that were chosen from UAE power (A), EtOH% (B) and the amount of cellulase (C) were considered for further optimization using RCCD. The levels chosen for the factors were set based on the previous PBD analysis. The RCCD with α = 1.68 has been carried out on 20 experimental runs (2 3 + (2 × 3) + 6), including eight (2 3 ) vertex points, six (2 × 3) axis points, and six center points. Multiple regression analysis was performed on the experimental data (Table 4) to evaluate for significance. The statistical significance of each coefficient of regression equation was checked by F-value and p-value, thus in turn, indicating the interactions of the variables. Generally, model with very small p-value (p < 0.05) indicated that the model term was significant, meanwhile, the larger F-value and lower p-value indicate the significance of each term. ANOVA was performed to retain the significant terms (p < 0.05) and exclude the non-significant terms (p > 0.05). The result indicated that A, B, C, A 2 , B 2 , and E 2 were significant for the yield of TF, and A, B, C, AB, A 2 , B 2 , and E 2 were significant for the yield of TG. In this study, the models were evidenced to be significant for two responses (the yields of TF and TG) by the large F-value (46.61 and 82.03, respectively) and the low p-value (<0.0001 and <0.0001, respectively). The "Lack of fit" test was employed to measure the failure of the model to fit the experiment data. The p-values of "Lack of fit" for the yields of TF and TG were 0.0763 and 0.7323, respectively. These results indicated that the models could excellently fit the experimental values and predict the response variable.
High R 2 of the quadratic regression model indicated that the model was workable. The results demonstrated that the proposed regression model for the yield of TG was satisfactory with high R 2 (0.9866), Adj-R 2 (0.9746) and pre-R 2 (0.9513) values, respectively, which exhibited a close agreement Table 4 . By applying multiple regression analysis on the experimental data, the simplified models for the yields of TF and TG was generated by the Design-Expert 8.5 software, according to the following equation:
study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2). The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8.5 software, according to the following equation: 
passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2).
where the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2).
(TF) , the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1).
(TG) , A, B, and C represented the predicted yield of TF, the yield of TG, HAc%, EtOH%, and UAE power, respectively.
Diagnostics Plots of Model Adequacy
Two diagnostic predicted plots (versus actual and internally studentized residuals) for two limit lines including Bonferron determine the extremely significant when t-value of effect above the Bon limit line, and below t-value limit lin the positive or negative sign (in blue o passing from the lowest to the highes intuitively provide significant factor study. Figure 1 showed the result parameter. As shown in Figure 1B Bonferroni limit line, and the t-value line and t-value limit line, both of significant factors for the yield of TF power (A), EtOH% (B), and the amou that the above three factors were the Adj-R 2 values of two responses (Y1 description of pareto charts were de PBD for Y1
and Y2 was generated b equation: Where Υ 1, Υ2, A, B, C, D, E, F, a UAE power, EtOH%, the amount of size, respectively.
(TF) and present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1).
(TG) were employed to detect the model adequacy. The plots of predicted versus actual for present the effect of factors on respo two limit lines including Bonferron determine the extremely significant when t-value of effect above the Bon limit line, and below t-value limit lin the positive or negative sign (in blue passing from the lowest to the highes intuitively provide significant factor study. Figure 1 showed the result parameter. As shown in Figure 1B Bonferroni limit line, and the t-value line and t-value limit line, both of significant factors for the yield of TF power (A), EtOH% (B), and the amou that the above three factors were the Adj-R 2 values of two responses (Y1 description of pareto charts were de PBD for Y1
(TF) and considered as significant for two responses (Y1 and Y2). From the previous reports, pareto chart could present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1).
(TG) were showed in Figure 2A ,B, respectively. As shown in Figure 2A ,
-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1).
(TF) were reasonably aligned, and this result indicated that the predicted values were in agreement with the experimental values. The similar results was also obtained from Figure 2B . In the plots of internally studentized residuals ( Figure 2C,D) , all the data points were found to lie within the limits (±3), which pointed that the models presented satisfactory fitted for
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effect of factors on r two limit lines including Bonfer determine the extremely signifi when t-value of effect above the limit line, and below t-value lim the positive or negative sign (in b passing from the lowest to the hig intuitively provide significant fa study. Figure 1 showed the res parameter. As shown in Figure  Bonferroni Where Υ 1, Υ2, A, B, C, D, E, UAE power, EtOH%, the amoun size, respectively.
(TG) . Hence, the developed models were reliable to fit the interactions between different parameters. 
Analysis of the Response Contour
Three-dimensional response surfaces were developed by the fitted Equations (3) and (4), and were plotted by the response (Z-axis), according to two factors (X and Y coordinates), holding the other one factor at zero (0-level). Drawing RSM was regarded as the best way to visualize the influence of the independent variables. The interactions between UAE power (A) and EtOH% (B) were presented in Figures 3A and 4A , keeping the amount of cellulase (C) at 0 level. When the EtOH% (B) was fixed, both Υ(TF) and Υ(TG) rapidly increased with the increase of UAE power (A), until reaching 
Three-dimensional response surfaces were developed by the fitted Equations (3) and (4), and were plotted by the response (Z-axis), according to two factors (X and Y coordinates), holding the other one factor at zero (0-level). Drawing RSM was regarded as the best way to visualize the influence of the independent variables. The interactions between UAE power (A) and EtOH% (B) were presented in Figures 3A and 4A , keeping the amount of cellulase (C) at 0 level. When the EtOH% (B) was fixed, both Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2). The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8.5 software, according to the following equation: 
(TF) and
Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2). The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8.5 software, according to the following equation: 
(TG) rapidly increased with the increase of UAE power (A), until reaching a maximum and then rapidly decreased. From the previous reports, more bubbles were formed and collapsed with larger amplitude ultrasound waves traveling through extraction solvent under high power in UAEE process. As a result, violent shock wave and high-shear gradients might be created to cause the destruction of the cell walls. This facilitated the release of compounds significantly and enhanced the mass transfer rate simultaneously, thus leading to high yields of TF and TG from GBFL. However, the degradation or the isomerization of flavonoids and ginkgolides would occur under too high ultrasound power, which could explain the reason why the value of two responses rapidly decreased. As the EtOH% (B) increased, the yield of TF and TG increased significantly and then decreased slightly. The incomplete extraction may occur in a low EtOH% (B). In our previous reports, the contents of flavonoid aglycones were much higher than the flavonoid glycoside in GBFL [22, 23] . Additionally, ginkgolides such as ginkgolide A, B, C, and bilobalide could be simultaneously detected in GBFL [22, 23] . Ginkgolides and flavonoid aglycones belonged to middle-polar compounds that were easy to dissolve in relative high content of EtOH solution. Hence, higher EtOH% (B) contributed to improve dissolution of the middle-polar compounds of target compounds, resulting in the continual enhancement on the yields of TF and TG. obvious enhancement and then no significant change in the yields of TF and TG were observed with an increase in the amount of cellulase (C). The phenomenon could be explained by that the whole UAEE process needed enough cellulase to break the cell wall of certain GBFL samples for promoting penetration of extraction solvent into plant matrix and the diffusion of target compounds (flavonoids and ginkgolides) from materials to outside solvent. Therefore, a relatively larger the amount of cellulase contributed to positive influence on the yields of TF and TG. However, the constant yields of TF and TG were due to the amount of cellulase used being enough to break the cell wall of certain GBFL samples.
For the values of Υ(TF) and Υ(TG), EtOH% (B) and the amount of cellulase (C) contributed significant influences in both linear and quadratic manners, while the interactive effects of EtOH% (B) and the amount of cellulase (C) presented non-significant effects. The interactions between EtOH% (B) and the amount of cellulase (C) were showed in Figures 3C and 4C , keeping ultrasound UAE power at 0-level. The results indicated that the effect of EtOH% (B) on both Υ(TF) and Υ(TG) was first increased significantly, and then decreased slightly. As the amount of cellulase (C) increased, the initial distinct increase of two responses was followed by an almost constant value. 
Optimization and Validation of Optimized Condition
In this study, considering the fact of maximum the yields of both flavonoids and ginkgolides from GBFL, the Design-Expert 8.5 software was used for simultaneous optimization of the multiple responses by the desirability function. The desirability approach was a popular method that assigned a given score for responses and then a factor setting that maximizes the overall score would be chosen. Using Design-Expert 8.5, the optimal values of significant factors for the yields of flavonoids and ginkgolides were provided as follows: UAE power of 217.5 W, EtOH% of 67.8%, and the amount of cellulase of 8.4 mg. Furthermore, the other non-significant factors, including UAE temperature, UAE time, pH, and sample particle size were also investigated in the preliminary experiments and described in Section "2.2". Finally, for the operational convenience, the following optimum conditions were selected: UAE power of 218 W, EtOH% of 68%, the amount of cellulase of 8.4 mg, UAE temperature of 40 °C, UAE time of 20 min, pH of 5.0 and sample particle size of 40 mesh, which predicted the yields of flavonoids and ginkgolides as 0.71% and 0.46%, respectively. Under the optimum conditions, the experimental yields of flavonoids were 0.74 ± 0.05% (n = 3) and ginkgolides were 0.42 ± 0.06% (n = 3), which were very close to the predicted values, indicating that the secondorder model was adequate to describe the influence of the selected UAEE variables on the extraction yields of flavonoids and ginkgolides from GBFL.
Experimental Design of Macroporous Resin Purification Conditions
From the above experimental design of UAEE conditions, the ideal UAEE condition was used to obtain the maximal recovery of flavonoids and ginkgolides from GBFL, but the contents of flavonoids and ginkgolides in GBFL extracts using the optimized UAEE condition still obviously failed to comply with the standardized EGb in the European, United States (U.S.), and Chinese pharmacopoeias. To overcome this problem, macroporous resin was used to further enrich the flavonoids and ginkgolides and remove the needless components from GBFL extracts.
Selection of Macroporous Resins by Static Adsorption and Desorption
Adsorption and desorption process of macroporous resins on target constituents were not only influenced greatly by polarity and size of adsorbates, but also by dimensional structure of adsorbents, including specific surface area and pore diameter. Because middle-polar (ginkgolides and flavonoid aglycones) and polar (flavonoid glycoside) compounds were simultaneously existed in GBFL Figures 3B and 4B showed the interaction of UAE power (A) and the amount of cellulase (C), with a fixed EtOH% (0 level). The linear and quadratic terms of UAE power (A) and the amount of cellulase (C) caused significant influences on the yields of TF and TG, however, the interactive effects between UAE power (A) and the amount of cellulase (C) showed non-significant influences. An obvious enhancement and then no significant change in the yields of TF and TG were observed with an increase in the amount of cellulase (C). The phenomenon could be explained by that the whole UAEE process needed enough cellulase to break the cell wall of certain GBFL samples for promoting penetration of extraction solvent into plant matrix and the diffusion of target compounds (flavonoids and ginkgolides) from materials to outside solvent. Therefore, a relatively larger the amount of cellulase contributed to positive influence on the yields of TF and TG. However, the constant yields of TF and TG were due to the amount of cellulase used being enough to break the cell wall of certain GBFL samples.
For the values of and 4 ginkgolides (compounds 21-24) in different matrices of GBFL. The total contents of flavonoids (TF) and ginkgolides (TG) were the sum of identifying 20 flavonoids (compounds 1-20) and 4 ginkgolides (compounds 21-24) , respectively. Additionally, the toxic alkylphenols, including ginkgoneolic acid (25) and ginkgolic acid (26) in different matrices of GBFL, were also identified and investigated by UPLC-DAD-Q/TOF-MS, as described by the previous report [19] .
Screening of Significant Factors Using PBD
A simple and useful PBD was selected as a method of screening design by a relatively few experiments in this study. Based on the preliminary tests and previous reports on the UAEE, seven variables, including UAE power (A), EtOH% (B), the amount of cellulase (C), UAE time (D), UAE temperature (E), pH (F), and GBFL particle size (G) were determined and are listed in Table 2 . The experiment design matrix with Y1 (the yield of TF) and Y2 (the yield of TG) as responses were also listed in Table 2 , and the result and analysis of variance (ANOVA) were presented in Table 3 . In general, variables of a large coefficient with a small p-value (<0.05) were considered as a significant influence. The results indicated that UAE power (A), EtOH% (B) and the amount of cellulase (C) were considered as significant for two responses (Y1 and Y2). From the previous reports, pareto chart could present the effect of factors on responses and check the statistical significance. In the pareto chart, two limit lines including Bonferroni limit line (5.746) and t-value limit line (2.776) were used to determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2). The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8. 
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(TG) was first increased significantly, and then decreased slightly. As the amount of cellulase (C) increased, the initial distinct increase of two responses was followed by an almost constant value.
Optimization and Validation of Optimized Condition
In this study, considering the fact of maximum the yields of both flavonoids and ginkgolides from GBFL, the Design-Expert 8.5 software was used for simultaneous optimization of the multiple responses by the desirability function. The desirability approach was a popular method that assigned a given score for responses and then a factor setting that maximizes the overall score would be chosen. Using Design-Expert 8.5, the optimal values of significant factors for the yields of flavonoids and ginkgolides were provided as follows: UAE power of 217.5 W, EtOH% of 67.8%, and the amount of cellulase of 8.4 mg. Furthermore, the other non-significant factors, including UAE temperature, UAE time, pH, and sample particle size were also investigated in the preliminary experiments and described in Section 2.2. Finally, for the operational convenience, the following optimum conditions were selected: UAE power of 218 W, EtOH% of 68%, the amount of cellulase of 8.4 mg, UAE temperature of 40 • C, UAE time of 20 min, pH of 5.0 and sample particle size of 40 mesh, which predicted the yields of flavonoids and ginkgolides as 0.71% and 0.46%, respectively. Under the optimum conditions, the experimental yields of flavonoids were 0.74 ± 0.05% (n = 3) and ginkgolides were 0.42 ± 0.06% (n = 3), which were very close to the predicted values, indicating that the second-order model was adequate to describe the influence of the selected UAEE variables on the extraction yields of flavonoids and ginkgolides from GBFL.
Experimental Design of Macroporous Resin Purification Conditions
Selection of Macroporous Resins by Static Adsorption and Desorption
Adsorption and desorption process of macroporous resins on target constituents were not only influenced greatly by polarity and size of adsorbates, but also by dimensional structure of adsorbents, including specific surface area and pore diameter. Because middle-polar (ginkgolides and flavonoid aglycones) and polar (flavonoid glycoside) compounds were simultaneously existed in GBFL extracts, thus the type of macroporous resins used in this research were selected among weak-polar, middle-polar and polar, which were applicable to the adsorption of the target compounds. Macroporous resins (DA-201, D101, D301, HP-20, HPD400, and AB-8) were investigated and compared by the adsorption and desorption performance for flavonoids and ginkgolides. When compared to other resins, DA-201 and AB-8 presented the adsorption and desorption capacities. Although the adsorption capacity of AB-8 was not as high as DA-201, the desorption ratio of AB-8 was almost equal with DA-201. Thus, DA-201 and AB-8 were further investigated using a dynamic adsorption experiment. The result of dynamic adsorption experiment indicated that ginkgolides and flavonoids began to leak out obviously when 3 BV of the GBFL extracts were loaded on AB-8, while after 4 BV of the GBFL extracts were loaded on DA-201, the substances began to leak out apparently. Additionally, the weak-polar needless compounds began to leak out obviously when 5 BV of the GBFL extracts were loaded on AB-8, while after 6 BV of the GBFL extracts were loaded on DA-201, the weak-polar needless compounds began to leak out apparently. As the more GBFL extracts were added, the more leak on AB-8 emerged than that on DA-201. Therefore, DA-201 macroporous resin was selected for further enrich flavonoids and ginkgolides and removed the needless components from GBFL extracts.
Effect of Ethanol Concentration on Desorption of Flavonoids and Ginkgolides
To determine the proper ethanol concentration for desorption of target compounds from DA-201, continuous concentration gradient of ethanol aqueous solution was used to elute the adsorbed macroporous resin column successively. As shown in Figure 5A , the more flavonoids and ginkgolides could be cleared off when the higher the concentration of ethanol solution was employed as elution solution. More than 95% of flavonoids and ginkgolides in GBFL extracts were, respectively, eluted with 80% EtOH solution, and only 3% the weak-polar needless compounds in GBFL extracts were eluted by 80% EtOH solution. Therefore, 80% EtOH was selected as elution solution for enriching the target compounds and removing needless components from GBFL extracts. macroporous resin column successively. As shown in Figure 5A , the more flavonoids and ginkgolides could be cleared off when the higher the concentration of ethanol solution was employed as elution solution. More than 95% of flavonoids and ginkgolides in GBFL extracts were, respectively, eluted with 80% EtOH solution, and only 3% the weak-polar needless compounds in GBFL extracts were eluted by 80% EtOH solution. Therefore, 80% EtOH was selected as elution solution for enriching the target compounds and removing needless components from GBFL extracts. 
Effect of Elution Volume on Desorption of Flavonoids and Ginkgolides
From Figure 5B , the flavonoids and ginkgolides could be eluted partially with the first 3 BV of eluent when 80% EtOH was employed as elution solution. More than 95% of flavonoids and ginkgolides could be eluted when the eluent volume reached 5 BV. As shown in Figure 5B , only few needless components were eluted with 5 BV using 80% EtOH as the elution solution. Thus, 5 BV was selected as elution volume in this study.
Finally, the purification process of target compounds on DA-201 resin was as follows: (1) adsorption stage: sample volume was 2 mL, flow rate was 3 BV/h, operated at room temperature; (2) washing stage: DA-201 resin was washed with 2 BV of water at a 3 BV/h flow rate; and (3) desorption stage: the elution solvent was 5 BV 80% EtOH at a flow rate of 3 BV/h.
Evaluation of the Validated Extraction Method
This overall study aimed at maximum extracting and purifying flavonoids and ginkgolides from waste GBFL, which was highly desired for comprehensive utilization and development of G. biloba resources. Such extracts could be used as a good source of natural flavonoids and ginkgolides as nutraceuticals and pharmaceuticals. In this study, a simple and low-cost method of UAEE extraction, followed by macroporous resin purification was developed to achieve maximum extracting and purifying target compounds from waste GBFL and could be easily extended to industries. In the previous reports, the contents of flavonoids and ginkgolides were 0.9-2.0% and 0.3-1.1% in GBL, respectively. The contents of flavonoids and ginkgolides were 0.3-0.7% and 0.2-0.5% in GBFL, respectively. Although the contents of flavonoids and ginkgolides in raw material of GBL were obvious higher than GBFL, the percentage of total flavonoids and ginkgolides in the standardized EGb from Chinese pharmacopoeias were similar with GBFL extracts that were obtained by the optimized extraction and purification method in this study. Under the optimized extraction and purification conditions, the percentage of total flavonoids was (25.36 ± 1.03)% (n = 3) and ginkgolides was (12.43 ± 0.85)% (n = 3) from the obtained dry GBFL extracts, which was complied with the standardized EGb in Chinese pharmacopoeias. Additionally, due to the negative properties of alkylphenols, a limiting concentration of 5 µg/g for all alkylphenols was specified in the monographs for standardized EGb in the European and U.S. pharmacopoeias and a limit of 10 µg/g in the Chinese Pharmacopoeia [24] . Thus, for the quality control and safety evaluation of drug or functional foods, an efficient extraction and purification of extracts was of great importance to remove alkylphenols while retaining ginkgolides and flavonoids from G. biloba. In our previous reports, the contents of total alkylphenols in GBL and GBFL were 0.01-0.05% and 0.4-1.0%, respectively. For quality control of EGb, some EGb were prepared in a multi-step process for reducing alkylphenols while retaining ginkgolides and flavonoids from GBL [6, 25] . However, the selective multi-step process was complex in the practical operation, even though some compounds (ginkgolides and flavonoids) were enriched, while others (alkylphenols) were removed. On the other hand, the use of the optimal multi-step process condition on an industrial scale was proved to be expensive. Due to the low contents of alkylphenols in GBFL, the process for removing alkylphenols from GBFL extracts should be more simper than GBL extracts. From the results, using the developed simple method of extraction and purification, the percentage of total alkylphenols was (0.003 ± 0.0005)% (n = 3) from the obtained dry GBFL extracts that were complied with the standardized EGb in European and U.S. pharmacopoeias (less than 0.005% of total alkylphenols). Therefore, this optimized process had great application potentials in the manufacturing process of natural flavonoids and ginkgolides in food and drug industries.
Conclusions
In this study, we showed that the waste GBFL could be used as a source for obtaining rich flavonoids and ginkgolides extracts using the UAEE method. UAEE extraction, followed by DA-201 macroporous resin purification, was successfully optimized for maximum retaining flavonoids and ginkgolides in GBFL extracts. Under the optimal conditions, the active and toxic components in GBFL extract can achieve the standardized EGb in China and European pharmacopoeias, respectively. Additionally, this developed process could be considered as an improvement for the flavonoids and ginkgolides extraction and purification since it allowed for the reduction of processing time and saving energy.
Experimental
Materials and Samples
The acetonitrile and formic acid were of HPLC grade. Deionized water was prepared from distilled water through a Milli-Q water purification system (Millipore, Bedford, MA, USA). DA-201, D101, D301, HP-20, HPD400, and AB-8 were purchased from Cangzhou Baoen, Co. Ltd (Hebei, China). Cellulase from Trichoderma viride (11,000 U/g) was purchased from Sigma Chemicals Co. (St. Louis, MO, USA). All of the other reagents and chemicals were of analytical grade.
The standards of quercetin (1), apigenin (2), kaempferol (3), isorhamnetin (4), genkwanin (5), amentoflavone (6), bilobetin (7), ginkgetin (8) , isoginkgetin (9), sciadopitysin (10), (−)-epigallocatechin (11), (+)-catechin hydrate (12), (−)-epicatechin (13), luteolin (14) (20) , bilobalide (21), ginkgolide A (22), ginkgolide B (23), ginkgolide C (24), ginkgoneolic acid (25) , and ginkgolic acid (26) were isolated from GBL in our laboratory and were identified by chemical and spectroscopic analysis. The purity of each compound was >98%.
The G. biloba fallen leaves were collected from Taizhou, Jiangsu, China. A voucher specimen (NJTCU 20171211) was deposited at the Herbarium in Jiangsu Collaborative Innovation Center of Chinese Medicinal Resources Industrialization, Nanjing University of Chinese Medicine, and Nanjing, China. After collection, the samples were air-dried.
Analytical Methods
UPLC-DAD-Q/TOF-MS was used to identify and determinate flavonoids and ginkgolides. UPLC was performed using a Waters ACQUITY UPLC system (Waters, Milford, MA, USA), equipped with a binary solvent delivery system, an autosampler, and a photodiode array (PDA) detector. An Acquity BEH C 18 column (2.1 mm × 100 mm, 1.7 µm) that was maintained at 40 • C was used with an injection volume of 2 µL. Mobile phase A was 0.1% formic acid solution, and mobile phase B was acetonitrile solution. The flow rate was 0.4 mL/min. The linear gradient conditions were: 95-80% A (0-1.5 min), 80-70% A (1.5-7.0 min), 70-35% A (7.0-9.5 min), 35-0% A (9.5-11.0 min), and 0% A (11.0-12.5 min). The wavelength of the on-line PDA detector was set from 200 nm to 400 nm.
Mass spectrometry was carried out using a Waters Synapt mass spectrometer (Waters), equipped with an electrospray ionization source (ESI) in negative mode with scan range of m/z 50-1500 Da. The parameters of MS were following, as our previous report [16] .
Extraction Procedures
The extraction process was performed with an ultrasonic device (SY-5200T, Shanghai Shenyuan Ultrasonic Instrument Co. Shanghai, China). 1 g of dried GBFL powder was mixed with 10 mL phosphate buffer (pH 3.0-6.0) and 4-10 mg cellulase. The mixture was incubated at 45 • C for 10 min in a rotary shaker at 120 rpm. Then, absolute ethanol was added to the mixture until its ethanol concentration reaching 50-80%. The reaction mixture was simultaneously irradiated at 100-300 W of UAE at the temperature of 30-80 • C for 10-30 min. After the UAE, all of the sample was, respectively, centrifuged at 13,000 rpm for 10 min to collect 3 mL of the supernatant, which were added onto the activated solid phase extraction (SPE) cartridge. After the sample had been absorbed by the cartridge, the cartridge was washed with 4 mL water, and then eluted with 4 mL methanol. The elution was then evaporated under reduced pressure at 50 • C. The residue was reconstituted in 0.3 mL of methanol with vortex. After centrifugation at 13,000 rpm for 10 min, 200 µL of supernatant was drawn and 3 µL was injected into the UPLC-DAD-Q/TOF-MS.
Experimental Design of UAEE Conditions
Experimental design and study were performed using a PBD, followed with a rotatable central composite design (RCCD). Initially, the PBD was applied to identify the significant variables that influenced the yields of flavonoids and ginkgolides from GBFL. Immediately, the variables of significance resulted from PBD were investigated by RCCD. The variables with confidence levels >95% were considered as significantly influencing the yields of flavonoids and ginkgolides.
PBD
PBD was one of the widely applicable statistical experimental designs for data interpretation [26] . In this work, PBD was also performed to evaluate the significance of seven variables that were affecting the UAEE procedures, including UAE power (A); EtOH% (B); the amount of cellulase (C); UAE time (D); UAE temperature (E); pH (F); and, GBFL particle size (G). The design included 12 runs of various combinations of the independent variables coded as A-G and examined at high (+) or low (−) levels. Table 2 shows the seven factors and their levels, and the design matrix is presented in Table 3 . The selected seven factors were realized with the yields of flavonoids and ginkgolides from GBFL taken as the responses. The variables were screened out using a Pareto chart, which displayed the absolute value of the effects and drew a reference line on the chart. All of the experiments were carried out in triplicate. PBD was based on the first order polynomial model shown, as standard Equation (5):
where Y i was the experimental response, X i was the independent variables, and C 0 and C i were the regression coefficients for intercept and linear terms, respectively.
RCCD
To optimize the significant independent variables from PBD, a RCCD was applied to obtain the maximum the yields of flavonoids and ginkgolides. The significant independent variables were individually modified, while the others without significance were maintained at the "0" condition. Each significant parameter was examined at five levels (−α, −1, 0, 1, +α). The data from the RCCD were analyzed by multiple regressions to fit the following quadratic equation: determine the extremely significant, significant, and insignificant coefficients of different factors when t-value of effect above the Bonferroni limit line, between the Bonferroni limit line and t-value limit line, and below t-value limit line, respectively [20] . Additionally, Pareto charts confirmed that the positive or negative sign (in blue or red) response can be enhanced or reduced, respectively, when passing from the lowest to the highest level set for the specific factor [21] . Thus, the pareto chart could intuitively provide significant factors and it was employed to identify the significant factors in this study. Figure 1 showed the result of pareto chart plotted by the t-value of effect versus each parameter. As shown in Figure 1B , the t-value of UAE power (A) and EtOH% (B) were above Bonferroni limit line, and the t-value of the amount of cellulase (C) was between the Bonferroni limit line and t-value limit line, both of which indicated that the three variables were considered as significant factors for the yield of TF (Y1). The result in Figure 1B indicated that the t-value of UAE power (A), EtOH% (B), and the amount of cellulase (C) were above Bonferroni limit line, it exhibited that the above three factors were the extremely significant factors to the yield of TG (Y2). The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8. 
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The R 2 and Adj-R 2 values of two responses (Y1 and Y2) were more than 95%. The result indicated that the description of pareto charts were dependable. The initial first order model equations developed by PBD for Y1 and Y2 was generated by the Design-Expert 8.5 software, according to the following equation: Where Υ 1, Υ2, A, B, C, D, E, F, and G represented the yield of TF, the yield of TG, the values of UAE power, EtOH%, the amount of cellulase, UAE time, UAE temperature, pH, and GBFL particle size, respectively. , ϕ 0 , ϕ i , ϕ ii and ϕ ij indicated the response, the intercept term, the linear coefficient, the squared coefficient, and the interaction coefficient, respectively. Model adequacy was evaluated using the F ratio and the coefficient of determination (R 2 ), which is represented at 5% level of significance, accordingly.
Experimental Design of Macroporous Resin Purification Conditions
The extract of GBFL, as obtained by the above optimal UAEE conditions, was concentrated to 2 mL under reduced pressure at 50 • C and purified using a packed macroporous resin column. The column (100 mm × 18 mm I.D.) was packed with DA-201 macroporous resin. After the loading of the sample (3 bed volume per hour, 3 BV/h), the column was washed with 3 BV (bed volume) of water, and eluted with 5 BV of 80% EtOH solution successively at a flow rate of 3 BV/h. The effluent liquids were collected and analyzed.
Selection of Macroporous Resins by Static adsorption and Desorption
Firstly, macroporous resins such as DA-201, D101, D301, HP-20, HPD400, and AB-8 were investigated for recovery of flavonoids and ginkgolides from GBFL extracts by static adsorption. Adsorption experiments were carried out in 25 mL flasks in a water-bathing constant temperature vibrator (Shanghai Jinghong Laboratory Instrument Co., Ltd., Shanghai, China) in order to maintain temperature at 40 • C for 12 h. Solid/liquid ratio (S/L) was set at 1:4, namely 1 g of adsorbent (dry weight) for 4 mL of the above concentrated extracts of GBFL. Desorption experiments were carried out in 25 mL flasks with the same operation as adsorption, while S/L and temperature were fixed at 1:15 and 40 • C, respectively. The adsorption/desorption capacity and desorption ratio of each resin were calculated based on the previous report [15] .
Selection of Macroporous Resins by Dynamic Adsorption
DA-201 and AB-8 were tested for the adsorption capacity of flavonoids and ginkgolides from GBFL extracts by dynamic adsorption. The extracts (as described in Section 4.5) were filtered and were loaded on a packed macroporous resin column with DA-201 and AB-8, respectively (3 BV/h). The effluent liquids were collected (1 BV for each) and analyzed by UPLC-DAD-Q/TOF-MS.
Effect of Ethanol Concentration on Desorption of Target Compounds
2 mL concentrated GBFL extracts were loaded on a column (100 mm × 18 mm I.D.) wet-packed with 5 mL of DA-201 (1 BV = 10 mL) at 3 BV/h. Then, the same column was washed with 2 BV of water (3 BV/h) and eluted with 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100% EtOH solution
